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Abstract

In the article, a new generation 3D printer is designed to improve the technological performance based on the
analysis of 3Dprinter design principles, and it is proposed to prepare a software-controlled stabilization system, by
studying the features of the optimal stabilization system for hastiness. The issues of research and synthesis of the
control system of the working body of the 3D printer were considered, and at the same time the optimal control
algorithm was developed.
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Yeni nasil 3D-printerin optimal sintezi
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Xiilasa

Mogqaloda 3D-printerlorin layiholondirilmesi prinsiplorinin analizi osasinda texnoloji gdstoricilorinin
yaxsilagdirilmast iiclin yeni nosil 3D-printeri konstruksiya edilmis vo coldiglomoyos goéro optimal stabillosdirme
sisteminin xiisusiyyastlori arasdirilmaqla proqram idarsli stabilizasiya sisteminin qurulmasi toklif olunmusdur. 3D-
printerin idaroetms sistemlori hom layiholondirms, hom do istismar merhslslorinde mahiyyat etibari ilo ikisoviyyeli
sistem kimi baxilmigdir. 3D-printerin is¢i orqaninin miiharriklorinin idarsetmoa sisteminin todqiqi ve sintezi
masalalorine baxilmis, eyni zamanda optimal idareetmo masolesinin qoyulusu va printerin idarsetmo alqoritmi
islonmisdir.

Acar sozlor:  3D-printer, plastik sap aridicisi, optimal idarsetma, caldisloma.
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OnrumMaiabHbId cHHTE3 3D-npUHTEPa HOBOI'O MOKOJICHUS
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AHHOTaUUA

B crathe paspaboran 3D-npuHTEp HOBOTO MOKOJEHUS JJIS TIOBBIINICHHUS TEXHOJOTHYECKUX TOKa3aTene Ha
OCHOBE aHallM3a MPHUHIUIIOB NPOEKTUpOBaHUs 3D-TpUHTEpa, a TakXkKe MpeyIaracTcsl MOJATOTOBUTH MPOrPaMMHO-
praBHS[eMyIO CI/ICTeMy CTaGI/IHI/I?)aHI/II/I, I/ISY‘H/IB 00066HHOCTI/I OHTHMaHLHOﬁ CHUCTCMBI. CI/ICTGMLI praBHeHI/IH 3D—
HpI/IHTepOM, CUHUTAKTCA I10 CyHleCTBy [[ByXypOBHeBOf[ CI/ICTGMOﬁ KaK Ha >TaIlrie HpOGKTHpOBaHI/IH, TaK WU HaA DTaIlc
BKCHHyaTaHI/II/I. PaCCMOTpeHI)I BOHpOCLI HUCCIICAOBaAHUSA W CHHTE3a CUCTEMBbI ynpaBneHI/m HCIIOJIHUTCJIbHBIMHU
MEXaHUu3MaMHu U pa60‘H/IM OpFaHOM 3D—an/IHTepa, a TaKXKe pa3pa60TaHa 3aa4ya ONTUMAJILHOI'O praBJ’IeHI/IH nu
aJ'Il"OpI/ITM JCKOMITIO3UI[MUOHHOI'O yl'IpaBJleHI/ISI HpPIHTepOM.

KiroueBblie cioBa: 3D-npuHTEp, pACTBOPUTEIND IJIACTUKOBBIX HUTEH, ONITUMAJIBHOE YIIpaBJICHUE,
3aKaIMBaHHE.
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Introduction

Currently, layered assembly-additive
technologies are widely used [1, 2] in the
three-dimensional synthesis of devices, and
one of the fastest-studied technologies
belonging to this class are 3D-printers.
Recently, 3D-printers created by engineers
allow to print a large number of products from
different materials.

The conducted analysis shows that the
existing 3D-printers don’t have high
maintenance parameters, so the accuracy of
the movement of its thread head through the
vertical and horizontal guides, using slot
connectors is due to wear of the working and
guide elements, identificating of errors and
inaccuracies that occur, due to which the wear
cycle of the device requires monitoring of its
movement in the X, Y and Z [1,2,3] axes. If
there is deflection, the table will be inclined to
an uncertain position (both in volume and
direction) that may change during the
formation of the product, not in a horizontal
position. In other words, the presence of
deflection causes the table stand to vibrate
during the formation of the product. Thus,
even a small inclination in space while the
thread head moves along the X axis would
cause the distance between the thread surface
of support and the table to change
monotonously during printing, regardless of
whether the support is positioned along the Y
and Z axes. In addition, the degree of this
change affects how much the shape of the
thread element is bent, and the appearance of
the printed element produced as a result of the
above adverse effects, leads to a loss of
production accuracy [1, 2, 3].

However, in order to turn a new 3D-
printer into a mass product, manufacturers are
focusing must on solving technical and
theoretical problems. Among them, along
with the mentioned shortcomings, is the

planning of the technological trajectory of the
plastic thread melter-tip of the 3D-printer and
the improvement of the tracking system.

The purpose of the work

The creation and management of a new
generation 3D-printers based on the analysis
of the principles and parameters of the
installation of 3D-printers.

The setting of the issue

In this regard, we have proposed a new
generation 3D-printer [3] (Figure 1). Fig. 1
shows the mechanical design scheme of the
3D design model of the 3D-printer.

10

Figure 1 — Mechanical design scheme of 3D-printer
model

As seen from Fig. 1 3D-printer consists
of 1 - general support, 2 - the fastening
elements of the support columns, 3 - the lower
platform capable of moving up and down, 4 -
an optical sensor that monitors the
displacement of the movable sub-platform and
the 7, 8 which are working body and the
quality of the manufactured element and the
displacement of the plastic thread melter tip, 5
- Christavina, 6 - micromotors capable of
moving the plastic thread melter attached to
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the ends of the christavina by 360 degrees in
the environment of the operating range of the
printer, 7 - plastic thread melter va 8 - tip (both
internal working together), 9 - the roll of
plastic handle melting by combustion, 10 -
automatic control system and manufactured
element that control the software of the printer
and from other auxiliary parts.

The working principle of a 3D-printer

The principle of operation a 3D-printer
is similar to the principle of operation a 3D
optical switches [4, 5]. The 3D design of the
product printed on a 3D-printer is transferred
to the memory of the 10-automatic control
system, which provides control over the
creation of 3D design software and the
produced element. From there, based
command enters according to the data
package,3 moves to the working body. The
working body itself has the ability to move
up and down (shown by the arrow in Figure
1) According to the command from 10, the
plastic handle from 7,9 melts and moves
with the help of 8 on the lower platform
according to the design of the required
element according to the contours of the
element produced by micromotors and pours
the molten plastic thread on 3 and as a result,
a device is prepared according to the
command entered from 10.

All states of the manufactured device or
any element are displayed on the LCD
screen, instead of the LCD screen, other
computer terminals such as a USB port,
Bluetooth modules, etc. can be used. Control
of all 6émicromotors, regulation of the state
of movement of 3, 7, 8 are carried out by
means of the feedback circuit with the help
of part 10 of the device. With the help of
sensors in the electronic control and
measuring system integrated into the device,
it is possible to constantly monitor the

operation of the 3D-printer and effectively
diagnose its problems.

In accordance with the principle of
operation of the 3D-printer and its elements,
the control circuit of the 3D-printer is
proposed.
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Figure 2 — Control circuit of a new generation 3D
printer

Let's look at the principle of operation of
the control circuit of the new generation 3D-
printer shown in Figure 2 under the following
conditions:

1. The control unit of the 3D-printer has 4
states: The input of the control unit receives a
signal from the e-system or not.

2. A melt or stop commandis given to control
the level of heating, which is sent to the
melting point.

3. The three states of the engine control system
can be the command to start or stop the engine
of the melting thread roll.

4. Operation and stop command of krestavina
engines, command given to the engine to move
the lower platform up and down, command
given to the engines to move the lower
platform up and down. There are 2 possible
positions of the melt thread motor: start and
stop. Other engines have two compatible
conditions. The condition of the manufactured
device is a complex variable. Taking into
account the two states of the production
process control sensor, sends a signal to the
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control unit with the command "0" at the
output if the production of the manufactured
element is normal, and "1" if there is an error.

As can be seen, the 3D-printer does not
need any other elements to operate in the X, Y
and Z axis, and the production accuracy of the
printed element is fully controlled as a result
of the side effects [3].

Taking into above account, it is important
to calculate more efficient management and
regulation models and algorithms, including
the probability of uninterrupted operation. In
this regard, the development of
decompositional and multilevel control and
mathematical modeling algorithms, the
synthesis and study of the optimal control
system for acceleration are of particular
importance [3]. This approach significantly
simplifies the management of the 3D-printer
and increases its ability to work in real
conditions and productivity.

Let's look at the displacement of the
printer's cap under the above conditions.
During the transition of the working trajectory
x(t) of the working body of the 3D-printer
from its initial state to the final state, x;(t)
corresponds to the Euclidean norm [6, 7, 8]

F=lx(Oll = [xf(®) + x5O+ +
x2()]%° = (xr — )7 (xr — x),

taking into account the task trajectory in
accordance with the command from the
control unit of the 3D-printer will be. Here, the
x -printer status variables depending on t are
the final state to which the x; -system will be
brought. Since the scalar quantity F is a
positive definite function, its zero means that
all x; coordinates are equal to zero. Fig. 3
shows the variable nature of the F function.
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Figure 3 — The changing nature of the F function

In this case reason, it is possible to
determine the position of the x(t)trajectory
relative to the coordinate origin by
continuously monitoring F in the system, and
based on this, the arrival of the 3D-printer
working body at the coordinate origin is
detected by controlling the Euclidean
normF = ||x(¢t)||. When the condition F = 0
is satisfied x(t) = 0.

Conclusion

As a result of the analysis of the
design of 3D-printers, the new design and
principle of operation of the 3D-printer was
presented, the research and synthesis of the
control system of the drivers of the working
body of the 3D-printer were considered, and
the optimal control problem and printer
decomposition  control  algorithm  were
developed. Since the equations of motion of
the working body of the 3D-printer and all
related items consisting of high-level static and
dynamic equations, the problem of optimal
control is solved on the basis of a linear model

by linearization of non-linearity and
nonlinearity. At the same time, the
construction  features of the optimal
stabilization system for hardening were

studied and a software-controlled stabilization
system was established.
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